Abstract: This study is to offer a 1st insight in the use of membrane process for the purification and concentration of Vietnamese fruit juices: cashew apple (Anacardium occidentale Line.), dragon fruit (Cactus hémiépiphytes), pineapple (Ananas comosus), pomelo (Citrus grandis L.), and gac aril oil (Momordica cochinchinensis Spreng.). On a laboratory scale, the effect of different operating parameters such as trans-membrane pressures (TMP), temperature and membrane pore sizes on permeate flux was determined in order to optimize process conditions that would ensure acceptable flux with adequate juice quality. The quality of the samples coming from the ultrafiltration (UF) process was evaluated in terms of: total soluble solids (TSS), suspended solids (SS), and vitamin C. For example, the purification process of cashew apple juice by cross-flow filtration was optimized at 0.5 µm membrane pore size, 2.5 bars TMP, and 60 min filtration time. Besides, this technique was applied to enhance carotenoids concentration from gac oil. Optimum conditions for a high permeate flux and a good carotenoids retention are 5 nm, 2 bars, and 40 • C of membrane pore size, TMP, and temperature, respectively. Carotenoids were concentrated higher than that in feeding oil.
Introduction
Membrane filtration is one of the widely used techniques in food industry (fruits juices clarification, protein standardization in dairy industry, fractionation of milk fat, beer filtration, and stabilization . . . ). Cross flow filtration (also known as tangential flow filtration) is a filtration technique in which the starting solution passes tangentially along the surface of the filter. The application of crossflow ultrafiltration in clarification or concentration fruit juice has been studied on kiwi, orange, melon, cantaloupe, and umbu juice [1] [2] [3] [4] [5] . To our knowledge, this has not been studied and applied on processing of fruit juice in Vietnam.
Cashew apple (Anacardium occidentale Line), a pseudo fruit, is a by-product of the cashew nut industry. Viet Nam produces more than 600.000-700.000 tons of cashew apple per year [6] . Although highly nutritious and full of vitamin C [7] , most of Vietnam's cashew apples are disposed at harvest and not utilized in the country. This study will highlight the opportunities for a processing of the cashew apple juice by ultrafiltration.
Dragon fruit (Hylecereus polyhizus) is well known for its rich nutritional contents and is commercially available worldwide for improving many health problems. Its origin is from Central America and then it was introduced in Vietnam in the early twentieth century by the French. Dragon fruit is rich in nutritional values such as fibers, vitamin C, potassium, protein, fiber, sodium, calcium, and minerals [8] . It has relatively high antioxidant activity when compared to that of the other subtropical fruits. Mostly fleshed varieties are used for fresh consumption. Processed dragon
Chemical and Physical Analysis
Physiochemical characterization of juice and oil (both of feeding and final product) was evaluated by measuring their viscosity, pH, and their nutritional compositions (protein, carbohydrates, lipid, total solid content (TSC), total soluble solids (TSS), and total carotenoids content (TCC). The total carotenoid content (TCC) was measured using a Thermo Spectronic model Genesys 20 (Thermo Scientific, Waltham, MA, USA) at a wavelength of 473 nm following the procedure presented by Tran [17] . Other parameters were measured by using methods as in Table 1 . 
Ultrafiltration Experimental Setup
The filtration experiments were carried out in a laboratory pilot unit (Figure 1 ), equipped by: -A 10-liter stainless steel feed tank. -A feed pressure pump, motor Lucky Pro MRS/4 water pump (flow range: 16.7 to 100 L/min) -A tube and shell heat exchanger circulated with water, this was used to maintain the constant temperature of the feed oil. -2 pressure gauges (0-10 kgf/cm 2 , by graduation 0.2) located at the inlet (P in ) and outlet (P out ) of the membrane. -One ceramic membrane (characteristics of these membranes are presented in Table 2 ) is set in the filtration module for each experiment. 
Chemical and Physical Analysis
Ultrafiltration Experimental Setup
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Filtration Processing
In the filtration process, the solution that passes along the membrane surface and back to the feed reservoir is the retentate. Solution that passes across the membrane is the permeate. In this study, to clarify juices of cashew, apple, dragon fruit, pineapple, and pomelo, membrane process was used and the desired products were permeate. At the same time, the membrane process was also applied to concentrate the carotenoids and to eliminate the phospholipids and free fatty acid in gac oil, and as the result, the desired product was retentate. Filtration experiments were realized by two modes of operating: total recycle mode and batch concentration mode. In total recycle mode, permeate and retentate were totally recycled in the feed tank. This experiment is to determine optimal operating hydrodynamic condition. In batch mode, only retentate was recycled to feed tank. This process is to determine the filtration yield and product quality. This process is operated at the optimal conditions identified by total recycle model. The following parameters were used in filtration process: • Coefficient of retention (R, %): measures the retention rate of determined solute by the membrane during filtration:
where C P and C F are the concentration of the solute in permeate and feeding, presented in Kg/m 3 , respectively.
•
Transmembrane pressure (TMP, bar): The total hydraulic resistance corresponds R T = R M + R P + R F , where R M , R P , R F is membrane resistance, concentration polarization resistance and fouling resistance, respectively. These three parameters were evaluated experimentally.
Statistical Analysis
Each of experiments was carried out in triplicate. All of the data were examined for the analysis of variance (ANOVA) and regression models using Statgraphics v.7.0 (Statpoint Technologies, Inc., Warrenton, VA, USA). Multiples range test and LSD (Least Significant Differences) were used for comparing means in an analysis of variance. All the statistical tests were realized with a confidence interval of 95% (p < 0.05). The effect of membrane pore size, transmembrane pressure, and the temperature on the permeate flux was carried out according to the total recycle mode. In Figures 2-13 , the effects of these parameters on the permeate flux, in the UF treatment of cashew apple, dragon fruit, pomelo, and pineapple juice are reported.
Results and Discussion
Figures 2-5 show the permeate flux decline curves during UF processing of cashew apple, dragon fruit, pomelo, and pineapple juice in which temperature and TMP were maintained at a constant value (30 • C and 2 bars, respectively) while the membrane pore size was changed (100 nm, 500 nm and 1000 nm). Results show that permeates flux increase with membrane pore size. Permeate flux value obtained of dragon fruit juice is relatively smaller due to its high viscosity. The permeate flux during the filtration decreases rapidly at the initial stage (from 15 to 25%) and gradually thereafter (more than 40%). Rapid flux decline is attributed to the growth of a polarized layer during the first stage and fouling deposition in the second stage. This is in agreement with the results of previous studies [20, 21] that showed the permeate flux change over membrane pore size. It is well-known that the membrane pore size is one of the important impacts on membrane fouling. Many researches explain that the influence of membrane pore size on the permeate flux is attributed via the change of fouling resistance.
The turbidity of permeate varies with membrane pore size ( Table 3 ). Membrane pore size of 500 nm is highly recommended for the juice clarification objective. The effect of membrane pore size on major nutritional components of each kind of juice needs to be examined in further study. parameters on the permeate flux, in the UF treatment of cashew apple, dragon fruit, pomelo, and pineapple juice are reported. Figures 2-5 show the permeate flux decline curves during UF processing of cashew apple, dragon fruit, pomelo, and pineapple juice in which temperature and TMP were maintained at a constant value (30 °C and 2 bars, respectively) while the membrane pore size was changed (100 nm, 500 nm and 1000 nm). Results show that permeates flux increase with membrane pore size. Permeate flux value obtained of dragon fruit juice is relatively smaller due to its high viscosity. The permeate flux during the filtration decreases rapidly at the initial stage (from 15 to 25%) and gradually thereafter (more than 40%). Rapid flux decline is attributed to the growth of a polarized layer during the first stage and fouling deposition in the second stage. This is in agreement with the results of previous studies [20, 21] that showed the permeate flux change over membrane pore size. It is wellknown that the membrane pore size is one of the important impacts on membrane fouling. Many researches explain that the influence of membrane pore size on the permeate flux is attributed via the change of fouling resistance.
The turbidity of permeate varies with membrane pore size ( Table 3 ). Membrane pore size of 500 nm is highly recommended for the juice clarification objective. The effect of membrane pore size on major nutritional components of each kind of juice needs to be examined in further study. parameters on the permeate flux, in the UF treatment of cashew apple, dragon fruit, pomelo, and pineapple juice are reported.
Figures 2-5 show the permeate flux decline curves during UF processing of cashew apple, dragon fruit, pomelo, and pineapple juice in which temperature and TMP were maintained at a constant value (30 °C and 2 bars, respectively) while the membrane pore size was changed (100 nm, 500 nm and 1000 nm). Results show that permeates flux increase with membrane pore size. Permeate flux value obtained of dragon fruit juice is relatively smaller due to its high viscosity. The permeate flux during the filtration decreases rapidly at the initial stage (from 15 to 25%) and gradually thereafter (more than 40%). Rapid flux decline is attributed to the growth of a polarized layer during the first stage and fouling deposition in the second stage. This is in agreement with the results of previous studies [20, 21] that showed the permeate flux change over membrane pore size. It is wellknown that the membrane pore size is one of the important impacts on membrane fouling. Many researches explain that the influence of membrane pore size on the permeate flux is attributed via the change of fouling resistance.
The turbidity of permeate varies with membrane pore size ( Table 3 ). Membrane pore size of 500 nm is highly recommended for the juice clarification objective. The effect of membrane pore size on major nutritional components of each kind of juice needs to be examined in further study. 
Effect of Transmembrane Pressure (TPM) on Permeate Flux and Turbidity of Juice
Figures 6-9 indicate that the permeate flux increases with TMP up to a limiting value which depends on the physical properties of the suspension. The permeate flux values at initial conditions (with pure water) as compared with the applied TMP were also evaluated. Results show that any increase in TMP does not bring any beneficial effect on production rate, because excessive energy input does not help to increase in production rate, membrane fouling becomes increasingly important, and the flux decline is accelerated. This result is in accordance with membrane theory, and with further reports of Kartika, Cassano and Ushikubo [1, 5, 22] . The viscosity of dragon fruit juice is much higher than that of other fruits, causes a higher pressure demand for UF process. The reasonable pressure for UF processing of cashew apple, dragon fruit, pomelo, and pineapple juice is 1.5 bars, 3 bars, 1.5 bars, and 2 bars, respectively. The impact of TMP on turbidity of permeate is also remarked (Table 4) . A higher TMP causes a fouling and has occurred more intensively. This cake can be considered as the 2nd membrane filtration. Different letter superscripts show significant differences among the men values in the same column.
Figures 6-9 indicate that the permeate flux increases with TMP up to a limiting value which depends on the physical properties of the suspension. The permeate flux values at initial conditions (with pure water) as compared with the applied TMP were also evaluated. Results show that any increase in TMP does not bring any beneficial effect on production rate, because excessive energy input does not help to increase in production rate, membrane fouling becomes increasingly important, and the flux decline is accelerated. This result is in accordance with membrane theory, and with further reports of Kartika, Cassano and Ushikubo [1, 5, 22] . The viscosity of dragon fruit juice is much higher than that of other fruits, causes a higher pressure demand for UF process. The reasonable pressure for UF processing of cashew apple, dragon fruit, pomelo, and pineapple juice is 1.5 bars, 3 bars, 1.5 bars, and 2 bars, respectively. The impact of TMP on turbidity of permeate is also remarked (Table 4) . A higher TMP causes a fouling and has occurred more intensively. This cake can be considered as the 2nd membrane filtration. 
Effect of Temperature on Permeate Flux
Figures 10-13 show the impact of temperature on flux of permeate. The viscosity of juice varies with operating temperature. At a higher temperature, a reduction of the feed viscosity and an increase of diffusion coefficients of macromolecules were noticed. The effect of these two factors helps to enhance mass transfer and then increase the permeate flux. These two factors result in an increase of mass transfer and permeate flux [2] . The membrane fouling at a higher operating temperature occurs relatively slower than that at lower temperature. Increasing temperature also influences the destruction and/or oxidation of the heat-sensitive components in the juice, such as vitamin C and carotenoids. The optimum temperature for UF processing of cashew apple, dragon fruit, pomelo, and pineapple juice is 50 °C, 40 °C, 50 °C, and 50 °C, respectively. 
Figures 10-13 show the impact of temperature on flux of permeate. The viscosity of juice varies with operating temperature. At a higher temperature, a reduction of the feed viscosity and an increase of diffusion coefficients of macromolecules were noticed. The effect of these two factors helps to enhance mass transfer and then increase the permeate flux. These two factors result in an increase of mass transfer and permeate flux [2] . The membrane fouling at a higher operating temperature occurs relatively slower than that at lower temperature. Increasing temperature also influences the destruction and/or oxidation of the heat-sensitive components in the juice, such as vitamin C and carotenoids. The optimum temperature for UF processing of cashew apple, dragon fruit, pomelo, and pineapple juice is 50 • C, 40 • C, 50 • C, and 50 • C, respectively. 
Figures 10-13 show the impact of temperature on flux of permeate. The viscosity of juice varies with operating temperature. At a higher temperature, a reduction of the feed viscosity and an increase of diffusion coefficients of macromolecules were noticed. The effect of these two factors helps to enhance mass transfer and then increase the permeate flux. These two factors result in an increase of mass transfer and permeate flux [2] . The membrane fouling at a higher operating temperature occurs relatively slower than that at lower temperature. Increasing temperature also influences the destruction and/or oxidation of the heat-sensitive components in the juice, such as vitamin C and carotenoids. The optimum temperature for UF processing of cashew apple, dragon fruit, pomelo, and pineapple juice is 50 °C, 40 °C, 50 °C, and 50 °C, respectively. Figure 14 shows the permeate flux decline curves during gac fruit oil filtration, which is increased with membrane pore size. The effect of membrane pore size on the coefficient of retention Figure 14 shows the permeate flux decline curves during gac fruit oil filtration, which is increased with membrane pore size. The effect of membrane pore size on the coefficient of retention Figure 14 shows the permeate flux decline curves during gac fruit oil filtration, which is increased with membrane pore size. The effect of membrane pore size on the coefficient of retention Figure 14 shows the permeate flux decline curves during gac fruit oil filtration, which is increased with membrane pore size. The effect of membrane pore size on the coefficient of retention of TCC is presented in Table 5 . Coefficient of retention of TCC decreases when membrane pore size increases. Membrane pore size of 50 nm is acceptable as its high permeate flux and high coefficient of retention of TCC. of TCC is presented in Table 5 . Coefficient of retention of TCC decreases when membrane pore size increases. Membrane pore size of 50 nm is acceptable as its high permeate flux and high coefficient of retention of TCC. Figure 15 shows the permeate flux values at a steady state (10 first min) versus TMP different. As TMP is driving force of a filtration process, its increase leads to a higher permeate flow rate through the membrane. Generally, at stable operating conditions, permeate flux increases with TMP until a threshold, then since this is the peak value, it becomes relatively stable or decreases slightly. This TMP limiting depends on the physical properties of the oil feed and flow rate of feed. This result is according with membrane theory and with previous reports [1, 5, 22] . Change of the retention coefficient of TCC with TMP is presented in Table 6 . Results show that the retention coefficient of TCC is related to TMP. TMP at three bars is applied for further experiments. Different letter superscripts show significant differences among the men values in the same column. Figure 15 shows the permeate flux values at a steady state (10 first min) versus TMP different. As TMP is driving force of a filtration process, its increase leads to a higher permeate flow rate through the membrane. Generally, at stable operating conditions, permeate flux increases with TMP until a threshold, then since this is the peak value, it becomes relatively stable or decreases slightly. This TMP limiting depends on the physical properties of the oil feed and flow rate of feed. This result is according with membrane theory and with previous reports [1, 5, 22] . Change of the retention coefficient of TCC with TMP is presented in Table 6 . Results show that the retention coefficient of TCC is related to TMP. TMP at three bars is applied for further experiments. 
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Effect of Temperature on Permeate Flux and Coefficient of Retention of TCC in Retentate
Generally, an increase of temperature results in an increase of permeate flux caused by a decrease of viscosity of oil feed (Figure 16 ). This phenomenon can be attributed to a reduction of feed viscosity and to an increase of the diffusion coefficient of macromolecules. The effect of these two factors is to enhance mass transfer and to increase permeate flux [1] . The results in Table 7 show that the change of temperature has an inversely proportional effect of coefficient of retention of TCC. The temperature might also reduce phospholipids micelle size in solution because the molecules of phospholipids did not aggregate together at high temperatures [23] that lead to pass through the membrane quickly and to minimize the fouling deposition. Through this experiment result, the Different letter superscripts show significant differences among the mean values in the same column.
Generally, an increase of temperature results in an increase of permeate flux caused by a decrease of viscosity of oil feed (Figure 16 ). This phenomenon can be attributed to a reduction of feed viscosity and to an increase of the diffusion coefficient of macromolecules. The effect of these two factors is to enhance mass transfer and to increase permeate flux [1] . The results in Table 7 show that the change of temperature has an inversely proportional effect of coefficient of retention of TCC. The temperature might also reduce phospholipids micelle size in solution because the molecules of phospholipids did not aggregate together at high temperatures [23] that lead to pass through the membrane quickly and to minimize the fouling deposition. Through this experiment result, the maintenance of temperature at 40 • C is highly recommended for the gac oil filtration process because of its high flux permeates and relatively high effective retention of TCC. 
Generally, an increase of temperature results in an increase of permeate flux caused by a decrease of viscosity of oil feed (Figure 16 ). This phenomenon can be attributed to a reduction of feed viscosity and to an increase of the diffusion coefficient of macromolecules. The effect of these two factors is to enhance mass transfer and to increase permeate flux [1] . The results in Table 7 show that the change of temperature has an inversely proportional effect of coefficient of retention of TCC. The temperature might also reduce phospholipids micelle size in solution because the molecules of phospholipids did not aggregate together at high temperatures [23] that lead to pass through the membrane quickly and to minimize the fouling deposition. Through this experiment result, the maintenance of temperature at 40 °C is highly recommended for the gac oil filtration process because of its high flux permeates and relatively high effective retention of TCC. Table 8 shows the total resistance (RT), intrinsic membrane resistance (Rm), polarization concentration resistance (Rp) and fouling resistance (RF). Generally, Rm represents the smallest Different letter superscripts show significant differences among the men values in the same column. Table 8 shows the total resistance (R T ), intrinsic membrane resistance (R m ), polarization concentration resistance (R p ) and fouling resistance (R F ). Generally, Rm represents the smallest portion of the R T . The total resistance is mainly contributed by R P , following by R F . During the filtration process, small particles tend to be rejected by the membrane and they are deposited on the surface, contributing to a polarized layer formation that causes a high-polarized layer resistance. High R F caused by fouling due to blockage of pore, adsorption and gel layer particles. Compressibility of fouling cake need to be determined in further study. 
Resistance Analysis
Physiochemical Analysis
The physiochemical properties of juice and gac oil (both of feeding and final product) are presented in Table 9 .
At the operating conditions of the UF process (TMP, membrane pore size and temperature) obtained in total recycle mode, the batch mode was experimented to determine the physiochemical properties of final product. The results are presented in Table 9 and compared with that of feeding juice and oil. The results show that the chemical composition of the product was not significantly modified by the process, and that the purified juice's nutritional components were very close to those of the feeding juice. These results are in accordance with the results in other studies carried out with other different fruit juices [24, 25] . A significant change in Lightness (L*) was also observed. The purified juice color became brighter than that of the feeding oil.
The free fatty acids and phospholipids of gac oil are almost removed after the filtration process. TCC in retentate is 6 times higher than that of the feeding oil. Color of the concentrated oil is deeper than that of the feeding oil. This result is according with Fabrice [3] who indicated that the color of retentate was deeper orange caused by an increase of 3.3 times of carotenoids content after the melon juice filtration process. These results are also correlated to those of Gale [4] , who showed that carotenoids remained in the fouling and the filter pads during the clarification of melon juice. 
Conclusions
Cashew apple, dragon fruit, pomelo, and pineapple juices were clarified by the UF process at different operating conditions. Membrane pore size, TMP, and the temperature of processing have influence on the permeate flux and turbidity. Membrane pore size of 500 nm is highly recommended for juice clarification objectives. The reasonable pressure for UF processing of cashew apple, dragon fruit, pomelo, and pineapple juice is 1.5 bars, 3 bars, 1.5 bars, and 2 bars, respectively. The optimum temperature for UF processing is 50 • C, 40 • C, 50 • C, and 50 • C, respectively. The impact of these factors on other nutritional components should be further exanimated in order to control the quality of the final product. Carotenoids in gac oil can be concentrated by using the ultrafiltration membrane at the operating conditions. Membrane pore size of 50 nm is acceptable because of its high permeate flux and high coefficient of retention of TCC. TMP of 3 bars and temperature of 40 • C are highly recommended for gac oil filtration process because of its high flux permeates and relatively high effective retention of TCC. The total resistance is mainly contributed by R P , followed by R F . Compressibility of fouling cake needs to be determined in further study.
